Particularly in Japan and the USA, special attention has been devoted to sputtering using electron cyclotron resonance The most commonly used electron cyclotron resonance microWave sources for deposition by sputtering consist of a cylindrical plasma chamber, magnetic ?eld coils that create an absorption Zone at 875 Gauss and enable the plasma to be diffused onto a negatively-polariZed target. The main draW backs of these sources is that they require solenoids that have a high level of poWer consumption, they use cylindrical sputtering targets on the periphery of the plasma giving a loW level of interaction betWeen the plasma and the target, and the microWave leaktight WindoWs have a tendency to be obliterated by sputtered metal atoms. Sources of this type are described in reference documents 2, 3 and 4.
Electron cyclotron resonance plasma apparatuses have been constructed using permanent magnets fastened to a 90° microWave injection elboW and a Wave absorption Zone located inside a conical sputter target. The main draWback of these apparatuses is the fact that the microWave WindoW is located near the sputtering Zone and very quickly obliter ated. Moreover, deposition speeds are limited. This type of apparatus is described in reference document 5.
Permanent magnet electron cyclotron resonance plasma sources have been developed in Japan using slot-guided microWave injection systems (slot antennas). The main draWbacks of these sources are the limited poWer of the injected microWaves and the ensuing limited ionic density at approximately 10 mA/cm2, together With obliteration of the microWave WindoWs. This type of source is described in reference document 6.
Electron cyclotron resonance plasmas have been created using the magnetic structures of magnetrons by alternating the polarity of the permanent magnets behind the sputter target and then injecting a microWave source. The main draWbacks of these structures are the dif?culty in sputtering magnetic materials due to the target forming a barrier, the uneven target Wear (targets become unusable once 30%
Worn) and the oxidation of the target to produce oxides (RF polariZation). These types of structures are described in reference documents 7 and 8. Electron cyclotron resonance apparatuses have been developed using a sputter target inside the diffusion plasma (at an angle of 45°) With tWo solenoid assemblies together With a strongly magnetic microWave WindoW, the creation of an 875 Gauss absorption Zone, and diffusion and compres sion of the plasma on the target; this produces poWerful How of ions at loW pressure (25 to 30 mA/cm2 at 10'4 mbar on extrapolated surfaces. Tests of this system Were carried out using tWo Wave guides for a height of 20 cm. A microWave WindoW is located in a 90° elboW Where it is protected from metallic deposition. The draWbacks of these apparatuses are the high poWer consumption of the solenoids and the angle of the target relative to the substrate. This type of apparatus is described in reference documents 1 and 9.
It is the aim of the present invention to overcome the draWbacks of the apparatuses of the prior art described above. The target is advantageously cooled by means of a cooling circuit comprising pipes that supply and drain liquid coolant.
DISCLOSURE OF THE INVENTION
In a ?rst embodiment a third magnet is disposed on the opposite side of the chamber from the ?rst magnet and at the same height as the said ?rst magnet, the poles of the ?rst and third magnets being disposed in series.
In a second embodiment the third magnet is disposed behind the target, the poles of the ?rst and third magnets being disposed in series.
The target may be advantageously disposed parallel to the substrate. The microWave admission guide may be disposed so that its height increases from its inlet to its outlet that is connected to the microWave WindoW.
The source of microWave plasma deposition of the inven tion has numerous advantageous features that give it high performance characteristics: the leaktight microWave WindoW is located in front of a 90° elboW Which prevents it being coated With metal; the leaktight microWave WindoW is located in a magnetic ?eld that is stronger than that of the electron cyclotron resonance (ECR); When the microWaves pass through the ?rst Zone of electron cyclotron resonance under atmospheric pressure (ECR1) they do not trigger any unWanted plasma and absorption takes place as desired under negative pressure in the negative pressure elec tron cyclotron resonance Zone (ECR2); the static magnetic ?eld B and Wave propagation k just before and inside the second Zone ECR2 are parallel, thereby avoiding any cutoff effect and avoiding limi tations on plasma density; the absorption Zone ECR2 is located a feW centimeters inside the 90° elboW, giving a high microWave density (When absorption occurs in a small volume density is greater) and consequent high plasma densities; it is thus possible, using a large volume and loW density, to avoid Zone ECR2 being located outside the elboW in the deposition chamber;
the target and the substrate may be disposed parallel to one another, thereby making it possible to obtain uni form deposition of a layer on the substrate. Moreover, given that the electron cyclotron resonance Zone (i.e.
the plasma chamber) is located inside the elboW, the plasma turns and arrives on the substrate parallel to the said substrate;
the small cross section of the electron cyclotron resonance Zone means that for a given poWer rating, the poWer 
DETAILED DISCLOSURE OF EMBODIMENTS OF THE INVENTION
The plasma source of the invention consists of a vacuum chamber 10, a set of permanent magnets 16, 17, 20 that create a given magnetic con?guration and generate a plasma stream inside the chamber, and a coupler 11 that distributes inside the chamber the microWaves generated by one or more microWave emitters. Injecting microWaves into the chamber 10 causes ioniZation of a gas under loW pressure.
The gas 27 is injected by means of piping 26. Coupler 11 has a longitudinal axis (extending right to left in FIG. 1) and comprises a microWave injection guide 12 that ends in a 90° elboW 13 that is connected perpendicularly to chamber 10. A leaktight microWave WindoW 15, con structed of quartZ, for example, is disposed betWeen the inlet microWave guide 12 and elboW 13.
The electron cyclotron resonance Zone is shoWn by a dotted line 35 in FIGS. 1 and 2; the value of the resonance being ECR1 in microWave injection guide 12, Which is a guide under atmospheric pressure, and ECR2 in elboW 13, Which is under negative pressure, the arroW 24 indicating pumping of the chamber 10.
A sputter target 21 that is of negative polarity relative to the mask outside the ground 28 is located inside the diffusion plasma. This target is cooled by means of a cooling circuit 30 comprising pipes that supply 31 and drain 32 the liquid coolant, for example Water.
Sputter target 21 may rotate to give a parallel target substrate con?guration if required. 3. Source of claim 1 Wherein a third magnet is disposed on an opposite side of the leaktight chamber from the ?rst magnet and at the same height as the ?rst magnet, the poles 10 of the ?rst and third magnets being disposed in series. 8 4 . Source of claim 1 Wherein a third magnet is disposed behind the sputtering target, the poles of the ?rst and third magnets being disposed in series. 5 . Source of claim 1 Wherein the sputtering target is disposed parallel to the substrate.
6. Source of claim 1 Wherein the microWave injection guide has an inlet and an outlet and is disposed so that its height increases from said inlet to said outlet that is con nected to the microWave WindoW.
